Objective Previous studies have shown a possible role for obstructive sleep apnea syndrome (OSAS) in the development and/or progression of chronic kidney disease (CKD). However, the impact of treatment for OSAS on CKD has not been clarified. The aim of this study was to investigate the influence of OSAS and the short-term effects of nasal continuous positive airway pressure (CPAP) on the estimated glomerular filtration rate (eGFR). Methods We evaluated 38 men with OSAS diagnosed on polysomnography. The associations between the eGFR and patient characteristics, including polysomnographic parameters, were evaluated. A multivariate linear regression analysis was performed to determine the independent variables associated with eGFR. We reassessed the polysomnographic data and eGFR values after three months of CPAP treatment. Results The mean serum creatinine level was 0.83±0.10 mg/dL and the mean eGFR was 77.3±12.0 mL/ min/1.73 m 2 . A univariate analysis revealed that an older age (p<0.001), a longer mean apnea duration (p= 0.006) and BMI (p=0.022) were significantly associated with lower eGFRs. A multivariate linear regression analysis showed that the independent factors associated with lower eGFRs were older age (p<0.001) and a longer mean apnea duration (p=0.048). Three months after CPAP treatment, there were significant decreases in the serum creatinine levels (p=0.013) and increases in eGFR (p=0.014). Conclusion OSAS, especially that associated with an older age and a longer mean apnea duration, may contribute to lowering eGFR values, which can be reversed by CPAP treatment.
Introduction
Obstructive sleep apnea syndrome (OSAS) is associated with a high rate of cardiovascular mortality due to increased risks of hypertension, ischemic heart disease, heart failure and arrhythmia (1) (2) (3) . Chronic kidney disease (CKD) is also established as a risk factor for cardiovascular morbidity and mortality (4, 5) . OSAS and CKD might interact with and influence each other, as both are associated with common comorbidities such as hypertension, obesity and diabetes mellitus (2, 6, 7) . Indeed, several reports have demonstrated a relationship between OSAS and renal dysfunction. Patients with OSAS often have increased levels of urinary albumin excretion, glomerular hyperfiltration and proteinuria (8) (9) (10) , and inversely, patients with end-stage renal disease often exhibit a high prevalence of OSAS (11) .
Nasal continuous positive airway pressure (CPAP) is a popular medical device used to improve nocturnal desaturation and symptoms such as headaches, snoring and daytime sleepiness while decreasing blood pressure in patients with OSAS (12) . Therapy with CPAP also protects against death from cardiovascular diseases and can improve mortality in patients with OSAS (1) . However, whether CPAP adminis- This study was designed to clarify the association between OSAS and the estimated glomerular filtration rate (eGFR), a key indicator of CKD, and to investigate whether short-term CPAP therapy can improve the eGFR.
Materials and Methods

Patients
We enrolled 38 consecutive men with OSAS who were diagnosed based on a history of snoring, daytime sleepiness and apnea-hypopnea indices ! 5 events/hour according to overnight polysomnography. The exclusion criteria comprised apparent lung diseases, daytime hypoxemia (arterial oxygen pressure <80 mmHg), ischemic or valvular heart disease, changes in medications during the follow-up period and previous CPAP use. The Institutional Ethics Committee at our hospital approved the study, which conformed to the Declaration of Helsinki. Informed consent was obtained from each patient prior to their enrollment in the study.
Sleep study and CPAP
All patients underwent overnight polysomnography (EMBLA S7000; Medcare Flaga, Reykjavik, Iceland). Polysomnography consisted of 4-channel electroencephalography, electrooculography, submental and leg electromyography, electrocardiography and measurement of oronasal airflow (thermistors), chest and abdominal respiratory movements, snoring (microphone) and body position. Oxygen saturation was measured with a pulse oximeter. Apnea was defined as air flow cessation for >10 seconds. Hypopnea was defined as a >50% reduction in respiratory signals for at least 10 seconds with 3% desaturation from baseline. The total number of incidents of obstructive apnea/hypopnea had to exceed five per hour (apnea-hypopnea index, AHI) and the presence of clinical symptoms of OSAS was required for a diagnosis of OSAS. The lowest nocturnal oxygen saturation and the mean apnea duration were measured. The hypoxemia index was defined as the percentage of sleep time at oxygen saturation <90%. Patients with OSAS whose AHI was ! 20 events/hour were prescribed CPAP (PV10; Breas, Molnlycke, Sweden) in fixed-pressure mode. Patients with an average CPAP use <3.5 hours/night were considered to be non-compliant and thus were excluded. All patients underwent clinical reassessment and a biochemical analysis after three months of CPAP.
Measurements
We calculated the eGFR based on age and the serum creatinine level using the Japanese eGFR estimation equation proposed by the Japanese Society of Nephrology (13) . Hypertension was defined as a systolic blood pressure ! 140 mmHg or a diastolic blood pressure ! 90 mmHg and/or the use of anti-hypertensive medications. Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). Patients with fasting plasma glucose levels exceeding 126 mg/dL and/or those under medication for diabetes or who were diagnosed with diabetes were defined as having diabetes mellitus.
Statistical analysis
All continuous values are expressed as the mean ± SD, and their differences were assessed using paired t-tests. Categorical variables are reported as numbers and percentages. Univariate and multivariate linear regression analyses were used to determine the independent factors associated with eGFR. According to the univariate analysis, age, BMI, hypertension, diabetes mellitus, AHI, lowest nocturnal oxygen saturation, mean apnea duration and hypoxemia index were evaluated as explanatory variables. Specified variables with p<0.05 in the univariate model were entered into the multivariate model. A p value <0.05 was considered statistically significant. The data were analyzed using the SPSS 11.0 statistical software program (SPSS, Inc., Chicago, IL, USA). Table 1 lists the clinical characteristics, eGFR values and baseline polysomnographic data for the OSAS patients. The mean serum creatinine level was 0.83±0.10 mg/dL and the mean eGFR level was 77.3±12.0 mL/min/1.73 m 2 . Using a linear regression analysis, we evaluated the significant factors associated with eGFR ( Table 2 ). The univariate analysis revealed that an older age, a longer mean apnea duration and BMI were significantly associated with lower eGFRs. The multivariate analysis showed that the independent factors associated with lower eGFRs were older age and a longer mean apnea duration ( Table 2) .
Results
Thirty-two of the original 38 OSAS patients had an AHI ! 20 events/hour and were prescribed CPAP. Five of those patients were not compliant with CPAP treatment and withdrew from the study. The remaining 27 compliant patients were reassessed after three months of CPAP treatment. All polysomnographic data improved ( Table 3 ). None of the values of BMI, blood pressure, heart rate, lipid profiles or ejection fraction changed after CPAP treatment. Figure shows the changes in the levels of serum creatinine and eGFR before and after three months of CPAP treatment. There were significant decreases in the serum creatinine levels (0.87± 0.09 to 0.82±0.01 mg/dL, p=0.013) and increases in eGFR (72.9±12.0 to 79.3±17.9 mL/min/1.73 m 2 , p=0.014) (Figure) .
Discussion
The major finding of our study is that OSAS, especially that associated with an older age and a longer mean apnea duration, is significantly associated with decreased eGFRs, which can be reversed by CPAP treatment.
The following pathogenic mechanisms make it conceivable that OSAS may contribute to decreases in eGFR. First, nocturnal hypoxia is an underlying condition in patients with OSAS. Chronic hypoxia can lead to tubulointerstitial damage, tubular atrophy, development of atubular glomeruli and tubulointerstitial fibrosis (14) . Second, sympathetic activity is high in patients with OSAS during wakefulness and further increases during sleep (15) . High levels of renal sympathetic nerve activation, evoked reflexively by severe hypoxia, result in preglomerular vasoconstriction and a reduced glomerular ultrafiltration coefficient, with consequent reductions in eGFR (16) . Third, OSAS patients also experience systemic inflammation, pressure surges and oxidative stress, all of which might contribute to the development of endothelial dysfunction (17) . Endothelial dysfunction in glomeruli might lead to a decreased eGFR. Therefore, it is reasonable to speculate that OSAS contributes to decreases in eGFR.
Hypertension, obesity and diabetes mellitus are important risk factors for CKD (18) (19) (20) . In addition, these factors are often seen in patients with OSAS. Laboratory and epidemiologic studies have shown that insufficient sleep and poor sleep quality promote the development and exacerbation of these risk factors (21) . Therefore, attention should be paid to the influence of these confounding factors when discussing the relationship between OSAS and lower values of eGFR. In the present study, the multivariate regression analysis showed that hypertension is not an independent factor associated with eGFR. These findings might be influenced by the high proportion of patients taking anti-hypertensive medications with well-controlled blood pressure. Therefore, our findings cannot exclude the possibility that hypertension affected the eGFR values observed in this study. Additionally, pathological evidence obtained from kidney biopsy specimens supports the emergence of obesity-related glomerulopathy (22) . However, the multivariate analysis in this study did not show any significant relationships between BMI and eGFR. To clarify this issue, further studies including BMI-matched control subjects are needed.
There are conflicting results regarding the eGFR values in patients with OSAS. Sakaguchi et al. (23) reported a high prevalence (65%) of OSAS among non-dialysis CKD patients (median eGFR value: 28.5 mL/min/1.73 m 2 ) in Japan. These authors also demonstrated that decreases in eGFR are significantly correlated with increases in AHI and are significant predictors of OSAS (23) . In the present study, eGFR was found to be inversely correlated with the mean apnea duration, but not with AHI. On the other hand, Iseki et al. (24) detected CKD in 30.5% of patients with sleepdisordered breathing. Kinebuchi et al. (10) found that OSAS is not associated with decreased eGFR, but rather with elevated filtration fractions, thus implying the presence of glomerular filtration overload. The dissimilarities between the present and published findings might be due to heterogeneity in the inclusion criteria, sample sizes and severities of OSAS, obesity and hypertension.
In the present study, three months of CPAP therapy ameliorated decreased eGFR values. Although the degrees of improvement observed in the levels of serum creatinine and eGFR were subtle, the differences were statistically significant. There are some possible explanations for the CPAPinduced amelioration of decreased eGFR. Treatment with CPAP might protect glomeruli and reverse decreased eGFR by abolishing apneic and/or hypopneic episodes, maintaining normal oxygenation, correcting sympathetic activity and reversing endothelial dysfunction (15, 25) . In the present study, we did not directly evaluate changes in sympathetic activity or endothelial dysfunction. However, all polysomnographic parameters significantly improved following CPAP therapy. BMI, blood pressure and initial antihypertensive medications did not change before and after CPAP. Taken together, it is reasonable to speculate that improvements in eGFR might be induced by amelioration of OSAS itself by CPAP. Our data are somewhat unique in that the eGFR values improved over a short period of three months. This might be explained by the fact that the eGFR values were not very low and the severity of OSAS, obesity and hypertension was not very high in our patients.
There are several limitations associated with our study. First, this study is small and non-randomized. Second, we should have included control subjects who had undergone polysomnography and were proven to not have OSAS and matched for age, blood pressure, BMI, the serum creatinine levels and eGFR. Third, several factors, including inflammation, oxidative stress and/or endothelial dysfunction, are thought to promote decreases in eGFR by inducing OSAS, as mentioned above; however, we did not identify these contributing factors in this study. Identifying such factors would require obtaining data for serum high-sensitivity C-reactive protein as an inflammatory marker, urinary 8-isoprostane and serum asymmetric dimethylarginen as oxidative stress markers, urinary L-type fatty acid binding protein, urinary N-acetyl-β-D-glucosaminidase and serum beta-2 microglobulin as markers of tubulointerstitial damage and measurements of flow-mediated dilation of the brachial artery in order to evaluate endothelial dysfunction. Additionally, we did not measure the serum or urinary levels of catecholamines or blood pressure during sleep; therefore, the influence of nocturnal changes on sympathetic nervous system activity remains unknown. Fourth, because all of the patients were men, the results cannot be applied to women. Fifth, since we did not perform urinalyses or measure the urinary albumin levels, the possibility that some patients with normal eGFR levels had subclinical renal damage cannot be excluded. Finally, since the eGFR values in our limited cohort were not very low, the results cannot be applied to advanced and end-stage CKD patients. Further studies including more patients with higher serum creatinine levels and/or CKD patients are therefore needed.
In conclusion, OSAS, especially that associated with an older age and a longer mean apnea duration, may contribute to lowering eGFR values, which can be reversed by CPAP treatment. To clarify this relationship, further randomized multicenter prospective studies with a larger number of subjects including controls matched for confounding factors are warranted.
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